Arrhenius plots of the respiration rates of nmitochondria isolated from chilling sensitive plant tissuies (tonmato and cucumber fruit, and sweet potato roots) showed a linear decrease from 23 C to about 9 to 12 C (with Qio values of 1.3 to 1.6), at which point there was a marked deviation with an increased slope as temperatures were reduced to 1.5 C (Qio of 2.2 to 6.3). The phorylative activities (assayed at 25 C) of mitochondria, isolated from chilling sensitive sweet potato roots, were impaired as a result of chilling treatment. However, many factors, such as the polyphenol content of the parent tissue (4, 11), can markedly influence both oxidative rates and apparent phosphorylative ability of isolated plant mitochondria. Thus, where plant material is given a differential pretreatment, it is most difficult to ascertain whether the observed differences in activity represent a direct effect of the chilling treatment on the mitochondria or an indirect effect due to the release or activation of some components which might be operational during isolation. It has also been noted that the method of tissue disruption (8), the amount of mitochondrial protein in the assay mixture (20), and the time involved between tissue disruption and assay (18) influence the activity of isolated mitochondria but which may be of little significance in vivo.
phorylative activities (assayed at 25 C) of mitochondria, isolated from chilling sensitive sweet potato roots, were impaired as a result of chilling treatment. However, many factors, such as the polyphenol content of the parent tissue (4, 11) , can markedly influence both oxidative rates and apparent phosphorylative ability of isolated plant mitochondria. Thus, where plant material is given a differential pretreatment, it is most difficult to ascertain whether the observed differences in activity represent a direct effect of the chilling treatment on the mitochondria or an indirect effect due to the release or activation of some components which might be operational during isolation. It has also been noted that the method of tissue disruption (8) , the amount of mitochondrial protein in the assay mixture (20) , and the time involved between tissue disruption and assay (18) influence the activity of isolated mitochondria but which may be of little significance in vivo.
The experiments reported here were carried out with mitochondria from plant tissue not subjected to chilling treatment, with the aim of evaluating the influence of temperature on oxidation and phosphorylation of these isolated mitochondria. The results show that in mitochondria from chilling sensitive tissues there is a marked depression in the respiratory rates below the critical temperature for chilling injury (10 C) which is not observed with mitochondria from resistant tissues. It was also established that temperatures between 1.5 and 25 C do not influence the phosphorylative efficiency of mitochondria from either sensitive or resistant plant tissues.
Mitochondria isolated from chilling resistant tissues show the capacity to swell to greater extent than the mitochondria from chilling sensitive tissues (14) , indicating that the membranes of mitochondria from chilling sensitive tissues are less flexible than those from chilling resistant tissues. Furthermore, this difference in flexibility was related to the relative proportion of saturated and unsaturated fatty acids of the membrane lipids. A study of the temperature at which mixtures of the predominant saturated and unsaturated fatty acids, found in the membranes of plant mitochondria, solidify showed that a small increase in the proportion of unsaturated fatty acids causes a large decrease in the solidification temperature (13) . Thus The mitochondria were prepared and respiratory activity was determined by the methods described in the preceding paper (20) . Since it was shown (20) that the respiration of isolated mitochondria was greatly reduced and the mitochondria lost respiratory control when the concentration of mitochondrial protein in the reaction mixture was less than some critical amount (0.25-0.75 mg of protein /4.2 ml of reaction mixture for mitochondria from the various tissues), concentrations above these amounts were used at each of the temperatures. In all of the mitochondrial preparations studied it was noted that there was some inhibition of the initial state 3 respiration rate, probably because of endogenous oxaloacetate (30) . Therefore, both the state 3 and state 4 respiration rates were calculated by averaging the rates obtained with three or more cycles of ADP addition after the first two additions. Respiration rates at various temperatures from at least three separate preparations of mitochondria from differ-ent samples of the various plant tissues were adjusted by a common factor to give a value of 100 nmoles of 02 per min per mg of protein at 25 C and are presented as an Arrhenius plot (logi0 respiration rate against the reciprocal of the absolute temperature). Reaction temperatures for each separate preparation were selected to sample the full temperature range (i.e., 1.5-25 C) in addition to a reaction at 25 C. Reactions of subsequent preparations of the same tissue were determined at a different set of four temperatures, again including 25 C. Because of the differential decrease in activity with storage time (20) , reactions at several temperatures were started simultaneously. The slow reactions at lower temperatures required long time periods for completion, but several reactions at high temperature (15-25 C) were completed within a relatively short period after isolation. The deviation of some state 3 rates of the Arrhenius plots, from the line of approximate best fit, probably represents small differential variations in the temperature response of the individual preparations.
RESULTS
The respiration data, presented as Arrhenius plots in Figure 1 1970 (22) for mitochondria from pears, the RC ratios shown in Table  I fell within the range usually observed for succinate oxidation by plant mitochondria (1, 3, 5, 23, 26, 27, 30) and by rat liver mitochondria (6) . Similarly, the ADP:O ratios, although exhibiting some variability, show no consistent pattern which can be related to temperature effects and approach the theoretical value of 2 for succinate oxidation. Discontinuities in the Arrhenius plot for succinate oxidation and for the ADP-ATP and Pi-ATP exchange reactions catalyzed by rat liver mitochondria have been reported (7) . Each of the reactions measured show a change in the temperature coefficient at approximately 17 C with a 2-fold increase in the Qlo value below the critical temperature.
We have measured the rate of succinate oxidation by rat liver mitochondria and found a discontinuity in the Arrhenius plot between 23 and 25 C for both state 3 and state 4 respiration.
DISCUSSION
The results clearly demonstrate that the respiration of mitochondria from chilling sensitive plant tissue, in contrast to the mitochondria from resistant tissue, is significantly reduced at temperatures below 10 C, indicating that the immediate response of sensitive tissue to chilling is a depression of respiratory activity. This depression in activity observed in each of the sensitive tissues below a critical temperature is consistent with the hypothesis that reduced temperatures affect some physical property of the mitochondrial membranes, e.g., membrane lipids (13, 14, 21) . At the same time, the data show that phosphorylative efficiency of mitochondria from sensitive as well as resistant tissues (29) , and mitochondria (12, 16) . In relating these studies on respiratory behavior and chilling injury, it is essential to distinguish between the primary response to chilling temperatures, and subsequent responses associated with altered metabolism. For example, if the data of Eaks and Morris (2) for chilling sensitive cucumber fruit are presented as an Arrhenius plot of the respiration rates at 24 hr and 5 and 10 days (Fig. 2) after being placed at the test temperatures, the differences between the initial effect of temperature on respiration and those changes in respiration which occur after injury are readily apparent. At 24 hr (the earliest measurement reported), the respiration rates diminish with a Qlo value of 1.7 from 30 to 13 C. A change occurs between 10 and 13 C. Below 10 C there is an increase in the rate of reduction of respiration as the temperature is decreased further. The Qlo value rose to 2.9. Eaks and Morris (2) reported visible injury between 24 hr and 5 days in the fruit held at 0 and 5 C, and this injury was reflected by the increased respiration rates at these temperatures. By 10 days in storage, injury and increased respiration had occurred at all temperatures at or below 10 C, causing the slope of the Arrhenius plot in this temperature region to be elevated to the slope exhibited at the higher temperatures (Fig. 2 ). An Arrhenius plot of the data for intact potato tubers (19) shows a linear slope over the entire temperature range from 25 to 0.5 C (Fig. 2) . While the rate of respiration gradually decreases with time in storage (as does the respiration of cucumbers at nonchilling temperatures, Fig. 2) , there is no deviation in the linearity of the slope. With the use of respiration data obtained from intact tissues as well as the mitochondrial data (Fig. 1) , it is evident that a very early response to temperatures below the critical point for injury is a depression in respiratory activity. This depression in respiration is not observed with mitochondria ( Fig. 1) or plant tissues (Fig. 2) (29) found that dinitrophenol stimulated the respiration of chilling sensitive corn roots after 3 hr at 5 C to the same extent as insensitive wheat roots. In this example, the corn roots presumably had not been injured sufficiently in the 3-hr period to alter coupled respiration, whereas with the studies on sweet potato (24) and tomato disks (10) While the descriptive aspects of the influence of low temperature on mitochondrial oxidation from chilling sensitive plant tissues are apparent from the data in Figure 1 , the mechanism of this response is not known. However, previous studies (13, 14, 21) 
